The solvent extractions of many metals with carboxylic acids have been extensively investigated for a few decades, [1] [2] [3] [4] because of its potential commercial use in hydrometallurgy. In this extraction system, it is well known that the pH value at half metal extraction (pH1/2) is mostly found at a pH value around the hydrolysis of the metal ion, 1 and that the extracted species in nondonating solvents is often found as an oligomer 4 which may be linked by carboxylate or hydroxide ion. The value of pH1/2, however, could be appreciably shifted, depending on the dissociation constant (Ka) of the carboxylic acid utilized as an extractant. [5] [6] [7] We have also found a linear relationship between the extraction constant (Kex) and Ka in the extraction of copper(II) with various carboxylic acids in benzene. 8, 9 Therefore, a carboxylic acid with a high Ka value will enable us to extract some metal ions of higher valence which tend to form an insoluble hydroxide. 5, 10 In this work, we investigate the extraction equilibria of bismuth(III) with 2-bromoalkanoic acid (pKa∼2.8) 7 in benzene and in hexane, which have not yet been clearly elucidated, since no complete extractions have been achieved by any alkanoic acids (pKa∼4.8) owing to the hydrolysis of bismuth(III) in the aqueous phase. 10 
Experimental

Reagents
A stock solution of bismuth(III) was prepared with bismuth(III) nitrate pentahydrate, lithium nitrate and nitric acid of reagent grade (Wako Pure Chem. Co. Ltd.) so as to contain 10 mM (M = mol dm -3 ) bismuth(III) ion, 1.0 M nitrate ion and 0.1 M hydronium ion, respectively.
The purchased 2-bromoalkanoic acids (purities: over 98%); 2-bromohexadecanoic acid (Aldrich Chemical Company, Inc.) and 2-bromooctanoic acid (Tokyo Chemical Industry Co. Ltd.) were dissolved in benzene or in hexane to prepare stock solutions with a several concentrations in total (CHL,T).
Procedure
Five millilters of a 10 mM bistmuth(III) solution, x mL of 1.0 M nitric acid and (5 -x) mL of 1.0 M lithium nitrate were mixed in a 40-mL centrifuge tube (low-actinic glassware with stopper), where the total concentration of bismuth (CBi,T) and the ionic strength (I) with (H,Li)NO3 were held constant at 5 mM and 1.0 M, respectively, under the arbitary conditions of initial concentration of HNO3 (CHNO 3 ). After the addition of an organic solution (10 cm 3 ) to the aqueous mixture, shaking was carried out for 2 h by a shaker (300 strokes/min) at room temperature (25 ± 2˚C), and then for 1 h by an incubating shaker (130 strokes/min, 25 ± 0.2˚C), which was sufficient for complete equilibration. The tube was centrifuged for 5 min at 2500 rpm. The concentration of bismuth in the aqueous phase (CBi,w) was determined compleximetrically with Xylenol Orange as an indicator, while that in the organic phase (CBi,o) was estimated by CBi,o = CBi,T -CBi,w. The hydrogen-ion concentration ([H + ]) equilibrated in the aqueous phase was estimated by [H + ] = CHNO 3 + 3CBi,o, since an unreliable value resulted from pH measurements using a glass electrode under our experimental condition of fairly high acidity (pH 1.3).
Results and Discussion
In the extractions of bismuth(III) with 2-bromoalkanoic acids in benzene or in hexane, no precipitation was found under our experimental conditions of nitric acid concentration within the range 0.05 M < CHNO 3 < 0.25 M at I = 1.0 M with (H,Li)NO3.
When the extracted species of bismuth(III) is generally expressed as BijL3j(HL)m, the extraction equilibrium and the extraction constant can be written as follows:
where ( The extraction behaviors of bismuth(III) with carboxylic acid (HL), which have not yet been clearly elucidated, because of the precipitation of hydroxide, were studied using the 2-bromoalkanoic acid in benzene and in hexane systems under aqueous conditions of high acidity at I = 1.0 M ((H,Li)NO3). The extraction equilibria were analyzed based on the initial concentration of nitric acid and the concentration of bismuth(III) extracted in the organic phase. The extracted species and the logarithmic values of the extraction constant (log Kex) were found to be a single species of BiL3(HL)3 for the systems of 2-bromooctanoic acid/benzene (log Kex = -1.66) and 2-bromohexadecanoic acid/benzene (-1.58), and to be two species of BiL3(HL)4 (-1.01) and Bi3L9HL (-1.62) for the system of 2-bromooctanoic acid/hexane, where the monomer was dominant at a higher reagent concentration. 
where β1 and β2 are the stability constants of bismuth(III) nitrate ions, respectively, and
is the hydrolysis constant of bismuth(III). Under our experimental conditions, log αBi may be taken as a constant value of 1.20, 11 where β1 = 6.46, β2 = 7.94 and K11 = 0.028 in perchlorate media were quoted. Then, log K′ ex(j,m) can be rewritten as
where Kex(j,m) denotes the extraction constant based on the assumption that αBi = 1, which is used hereafter for simplification. The concentration of bismuth(III) extracted in the organic phase can then be expressed as The validity of the composition of BiL3(HL)3 for each of the two systems can be confirmed by fitting the data used in Fig. 1 to a single straight line with a slope of 1, represented by log CBi,o -3log(CHL,T/2) = log(CBi,w [H + ] -3 ) + log Kex (1, 3) . (6) Plots are shown in Fig. 3 for every CHL,T. The data fit well with each of the lines with a slope of 0.98 (correlation coefficient, r = 0.999 using the least-squares method) for the 2-bromooctanoic acid system or with a slope 1.01 (r = 0.998) for the 2-bromohexadecanoic acid system. According to the two bestfitted lines with a slope of 1 in Fig. 3 , the intercept at log CBi,w - for the latter.
As for the 2-bromooctanoic acid/benzene system, we also examined the plotting of log CBi 7 The result was obtained as log Kex(1,3) = -1.50, which was slightly higher than -1.58 for the 2-bromohexadecanoic acid system. In any event, the extraction equilibrium according to Eq. (1) could be formulated as Thus, CBi,o must be represented as
which yields the following logarithmic equation: (9) with a suitable integer, n (= j -1), as y = ∆y + log(1 + 10 n(x-∆x) ) (n = j -1),
where (∆x, ∆y) means the node coordinates of two asymptotes for the normalized curve. The ∆x and ∆y are expressed as
The plots of log CBi,o -log(CBi,w[H + ] -3 ) vs. log(CBi,w[H + ] -3 ) under the experimental conditions of CHL,T/2 fit well with the normalized curve with n = 2 (j = 3) as shown in Fig. 5 . This suggests that the monomeric and trimeric bismuth(III) 2-bromooctanoates are responsible for the extraction system using hexane as an organic solvent. Thus, the numbers a and b of undissociative acid molecules involved in the coextracted species can be determined by Eq. (11) and by the following equation with j = 3, respectively:
Plots of ∆y vs. log(CHL,T/2) and that of ∆y -∆x vs. log(CHL,T/2) are shown in Fig. 6 by the open and closed symbols, respectively. The former falls on a straight line (r = 0.999) with a slope of 3.61, while the latter falls on another straight line (r = 0.998) with a slope 5.09, which produce the most likely numbers of 3.5 and 5, respectively. We could thus obtain BiL3(HL)4 and Bi3L9HL as the coexisting species in the hexane phase. 
where Xi and Yi denote the experimental data for the plots. As 
which suggests that log Ktrim strongly depends on the value of log[(HL)2]o. In fact, the monomer is the dominant species at the higher CHL,T, as shown in Fig. 4 .
Characteristics of the extraction systems The extraction behavior of bismuth(III) with 2-bromoalkanoic acid in nondonating solvent was elucidated as described above, where the BiL3(HL)3 was found in the benzene phase, while the BiL3(HL)4 and the Bi3L9HL were in the hexane phase, though we could not clarify the reason for this phenomenon. Some experimental plots of the log D vs. Fig. 8 ), however, a relatively higher extractability will be achieved by the hexane medium rather than by the benzene medium because of the oligomerization of the extracted species in the hexane phase.
In any event, the liquid-liquid extraction of bismuth(III) without the precipitation of insoluble hydroxide was achieved by the 2-bromoalkanoic acid/nondonating solvent systems.
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